We examined the use of low (<400 μg/ day, including no use) and high folic acid supplement (FAS) dosages (≥1000 μg/day) among pregnant women in Spain, and explored factors associated with the use of these non-recommended dosages.
Main outcome measures:
We assessed usual dietary folate and the use of FAS from preconception to the 3rd month (first period) and from the 4th to the 7th month (second period), using a validated food frequency questionnaire. We used multinomial logistic regression to estimate relative risk ratios (RRRs).
Results: Over a half of the women used low dosages of FAS in the first and second period while 29% and 17% took high dosages of FAS, respectively. In the first period, tobacco smoking (RRR=1.63), alcohol intake (RRR=1.40), multiparous (RRR=1.44), unplanned pregnancy (RRR=4.20) and previous spontaneous abortion (RRR=0.58, lower use of high FAS dosages among those with previous abortions) were significantly associated with low FAS dosages. Alcohol consumption (RRR=1.42), unplanned pregnancy (RRR=2.66) and previous spontaneous abortion (RRR=0.68) were associated with high dosage use. In the second period, only tobacco smoking was significantly associated with high FAS dosage use (RRR=0.67).
Conclusions: A high proportion of pregnant women did not reach the recommended dosages of FAS in periconception and a considerable proportion also used FAS dosages ≥1000 μg/day. Action should be planned by the Health Care System and health professionals to improve the appropriate periconceptional use of FAS, taking into consideration the associated factors.
BACKGROUND
The benefits of periconceptional use of folic acid supplements (FAS) to prevent neural tube defects (NTDs) have been well established since the early 1990s. 1 2 Health authorities recommend that all women who plan to become pregnant should take a daily dose of 400 µg FAS and appropriate dietary folate intake from before conception to the third month of pregnancy to reduce the risk of NTDs, while not exceeding the tolerable upper intake level of 1000 µg/day. 3 An exception is made for those women with diabetes, epilepsy and history of NTDs, who are recommended to take a daily dose of 5000 µg FAS. 4 Although FAS are safe and almost free of toxicity, a few studies have drawn attention to the possible adverse effects of using high doses throughout pregnancy [5] [6] [7] [8] and at other stages of life. 9 The interest in the health implications of taking FAS has increased recently. Regarding pregnancy, several studies have suggested that FAS use may be an important protective factor for some birth outcomes such as placental abruption, spontaneous abortion, stillbirth, preterm delivery, adverse fetal growth and preeclampsia. 10 11 FAS use during pregnancy has been also associated with protection against impaired neurodevelopment, 12 13 but we have recently observed that FAS dosages above the recommendation might affect psychomotor development at 1 year of age. 8 Several studies have found a relationship between FAS and allergic disorders or asthma in childhood, 14 although a recent meta-analysis does not provide a conclusive Strengths and limitations of this study ▪ We assessed dietary folate intake and folic acid supplement, using a validated food frequency questionnaire in pregnant Spanish women. ▪ This was a population-based cohort study. ▪ Participation rates were not high and nonparticipation might limit the generalisation of some results.
association. 15 Although FAS might reduce the risk of several harmful pregnancy outcomes and childhood problems, many questions still remain open on the potential effects of using high dosages of FAS at different periods during pregnancy.
In this sense, most studies have focused on monitoring dietary folate intake and FAS in the periconceptional period, [16] [17] [18] [19] and only a few have assessed the use of FAS after the time period around neural tube closure. 20 Thus, research into maternal folate intake and the use of high dosages of FAS during pregnancy is necessary for the clarification of the possible effects in birth outcomes and in childhood health. [12] [13] [14] [15] In this study, we use data from pregnant women participating in a multicentre prospective mother-child cohort study in Spain, to examine the use of low (non-use and <400 μg/day) and high dosages (≥1000 μg/day) of FAS in pregnant women in Spain from 3 months before conception to the third month of pregnancy and from the fourth to seventh month of pregnancy. We also explore factors associated with the use of these low and high dosages of FAS in the two periods.
MATERIALS AND METHODS Population
We use data from 2332 pregnant women recruited in the multicentre population-based mother-child cohort INMA Project (INfancia y Medio Ambiente (Childhood and Environment)) between 2003 and 2008 in four different regions of Spain with a common protocol: Valencia, Sabadell (Catalonia), Asturias and Guipuzcoa (Basque Country). 21 Women were enrolled during their first antenatal care visit to the main public hospital or health centre of reference. A total of 2644 women who fulfilled the inclusion criteria (≥16 years old, singleton pregnancy, intention to deliver at the reference hospital, no communication handicap and no assisted pregnancy) agreed to participate. Excluding the women who withdrew from the study, those lost to follow-up and those who had an induced or spontaneous abortion, or who had fetal deaths (n=138), a total sample of 2506 women delivered a live infant between May 2004 and August 2008. After excluding participants with missing data for relevant variables, 2332 (93.1%) were included in the present analysis. All participants provided informed consent, and the ethics committees of the centres involved in the study approved the research protocol.
Study variables
Assessment of dietary folate intake and FAS use FAS and dietary folate were retrospectively assessed by personal interviews at two time points in pregnancy: at 10-13 weeks and at 28-32 weeks; more details about these intakes were described previously. 22 Dietary folate intake was determined using a 101-item, semiquantitative food frequency questionnaire (FFQ), covering intakes in two periods. The first period included intakes from the last menstrual period until the third month of pregnancy, and the second period covered intakes from the fourth month to the seventh month of pregnancy. The FFQ was an adapted version of the Willett questionnaire, 23 validated and developed for Spanish pregnant women in Valencia. 24 In a validation study of the FFQ carried out within the same population of pregnant women in the third month of pregnancy, the correlation coefficient between serum folate and the intake of dietary folate and FAS was satisfactory, r=0.53 ( p<0.001). 24 Folate content of food items was primarily obtained from food composition tables of the US Department of Agriculture 25 and other tables published for Spanish foods. 26 In Spain, folate fortification is not mandatory, thus we obtained the folate content of foods from nonfortified foods; except for cereals, owing to the main brands usually fortifying them. The consumption level of FAS or vitamin/mineral preparations containing FAS was collected using a structured questionnaire. FAS were estimated based on supplement brand name and composition, daily dose and timing of consumption. There were three main sources of FAS in Spain: specific single folic acid preparations with content from 400 μg (Zolico) to 10 000 μg (ASPOL); supplements of levofolinate or calcium folinate with content between 2500 μg (Folaxin 2.5®) and 15 000 μg/day (Lederfoli); and multivitamins with folic acid content between 75 μg (Calcinaralobs) and 1000 μg (Gestamater). With this information, mean daily FAS intake was estimated as the mean of FAS intake in two periods: the first period included the information of FAS from 3 months before conception to the third month of pregnancy (interview at 10-13 weeks) and the second period included the information of FAS from fourth to seventh month of pregnancy (interview at 28-32 weeks). FAS intake in the two periods was classified into three categories: <400 (including no use), 400-999 and ≥1000 µg/day.
Covariates
Information on covariates was obtained from questionnaires completed by personal interviews in the first and third trimester of pregnancy. The sociodemographic characteristics considered were: maternal age, maternal and paternal education level ( primary school or less, secondary school and university studies), lifestyle variables such as tobacco smoking (yes or no), alcohol consumption (yes or no) in the first trimester of pregnancy, and self-reported pre-pregnancy body mass index calculated in kg/m 2 and classified as <25, 25-29.9 (overweight) and ≥30 (obesity). Relevant data about obstetrics such as number of previous pregnancies (0 and ≥1), unplanned pregnancy (yes or no), previous abortion (yes or no) and visiting a private gynaecologist in the first trimester (yes or no) were also collected.
Statistical analysis
Descriptive analysis of sociodemographic, lifestyle and obstetric characteristics of the pregnant women was performed for the four areas of study. We also described the dietary folate and FAS intake overall and by geographical area using geometrical mean, mean and SDs. We used the analysis of variance test for quantitative variables and the χ 2 test for qualitative variables. Predictors of the use of low (<400 µg/day, including non-users) and high (≥1000 µg/day) dosages of FAS from preconception to the third month, from the fourth to the seventh month of pregnancy and in the entire pregnancy were explored using multivariate multinomial logistic regression (relative risk ratio: RRR): low-dose or high-dose categories were compared to the recommended dose (400-999 µg/day) adjusted for all other covariates by study areas. We used meta-analysis to obtain combined estimates for the four cohorts. Heterogeneity was quantified by means of the (I 2 ) statistic and p value of heterogeneity test. 27 With levels above 50%, the random-effects model was applied to obtain combined estimates and the fixed effect meta-analysis model when I 2 <50%. Statistical analyses were conducted with R 3.0.0 (R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org). Table 1 shows the sociodemographic, lifestyle and obstetric characteristics of the pregnant women. Significant differences among geographical areas were observed for most variables although not for parity and previous abortions. Half of the pregnant women were above 30 years of age (Asturias showed the highest proportion, 59.7%, and Valencia the lowest proportion, 43.2%). Of the women, 34.4% reported having pursued university studies. Tobacco smoking and alcohol consumption during the first trimester of pregnancy were reported by 18.1% and 29.9% of the women, respectively. The prevalence of pre-pregnancy obesity was 8.0%. A total of 16.7% of pregnancies were unplanned and previous abortions were reported by 23.5% of the women.
RESULTS
The mean daily folate intake was similar in the two periods of pregnancy, 307.8 and 304.7 µg/day, respectively. The main food group sources of dietary folate intake among the pregnant women in both periods of pregnancy were vegetables (22.8%), fruits (15.7%), legumes (10.5%), dairy products (8.6%) and cereals/ pasta (7.0%). Individually, the major contributing foods to dietary folate intake were legumes (10.5%), lettuce (8.4%), oranges (5.5%), bread (5.5%) and cereals (5.5%). Figure 1 shows the proportion of women using FAS during pregnancy. The percentage of women using FAS in preconception, the first, second and third month of pregnancy was 22.8%, 30.4%, 57.4% and 85.8%, respectively. The proportion of women using FAS in the periconceptional period was similar in the four geographical areas although significant differences were noted afterwards: women in Valencia and Asturias continued using FAS after the third month (84% and 95%, respectively), while most women in Guipuzcoa and Sabadell stopped (approximately 10% continued). Overall, 149 of the women did not take FAS at any time during pregnancy; most were from Sabadell and Guipuzcoa (89%). Considering the entire pregnancy, approximately one-third of the women reported the use of high dosages of FAS (≥1000 µg/day), although this proportion varied by geographical area: Asturias and Guipuzcoa showed higher percentages of women using FAS dosages ≥1000 µg/day than women from Sabadell and Valencia (data not show). The major sources of high dosages of FAS (≥1000 µg/day) were specific single folic acid preparations such as ACFOL (5000 µg/day) or ASPOL (10 000 µg/day).
Overall, during the periconceptional stage, 57% of pregnant women used low FAS dosages (<400 µg/day, including no use), and 29% of women used high FAS dosages (≥1000 µg/day). In this period, the mean daily intake of FAS was 433.0 µg/day for women classified as taking FAS dosages of 400-999 µg/day, 141.8 µg/day for women taking FAS dosages <400 µg/day and 3104.6 for women taking dosages of ≥1000 µg/day. Table 2 shows multivariate analyses for all the cohorts combined, in the first period. Tobacco smoking (RRR=1.63) and alcohol intake (RRR=1.40) in the first trimester of pregnancy, unplanned pregnancy (RRR=4.20), previous pregnancies (RRR=1.44) and previous abortions (RRR=0.58, lower use of high FAS dosages among those with previous abortions) were significantly associated with the use of low FAS dosages in the periconceptional period. Unplanned pregnancy (RRR=2.66), previous abortions (RRR=0.68) and alcohol intake (RRR=1.42) were significantly associated with the use of high FAS dosages. These results were homogeneous among study areas (I 2 <50%). The proportion of women using low FAS dosages after the periconceptional period was 55% and 17% of women took high FAS dosages after the periconceptional period. In this period, the mean daily intake of FAS was 511.7 µg/day for women classified as taking FAS dosages of 400-999 µg/day, 59.1 µg/day for women taking FAS dosages <400 µg/day and 4095.2 for women taking dosages of ≥1000 µg/day. Table 3 shows multivariate analyses for all cohorts combined for the second period (4th-7th month). In the second period, only tobacco smoking was significantly associated with the use of high FAS dosages (RRR=0.67); no additional significant predictors of the use of low and high FAS dosages were found in the second period.
DISCUSSION
In this study, we show that a low percentage of pregnant women used FAS in preconception (23%), although the percentage of use increased to reach most of the women in the third month of pregnancy (86%). This pattern was consistent in the four areas of the study, although significant differences emerged later; most of the women in Valencia and Asturias continued using FAS after the third month while most of the women in Guipuzcoa and Sabadell stopped using them. We also found that nearly one-third of the women used high dosages of FAS (≥1000 µg/day). The use of high FAS dosages in the first period, from preconception to the third month, was significantly associated with unplanned pregnancy and previous spontaneous abortion (lower use of high FAS dosages among those with previous abortions).
The mean daily dietary intake in the present study was similar to that reported in other European studies [28] [29] [30] [31] below the recommended dietary intake for pregnant women. The unsatisfactory intake among pregnant women might be related to the lack of knowledge on food rich in this nutrient, as shown in a study conducted in a Mediterranean population, in which only 40% of respondents could identify one food rich in folate. 32 Regarding the use of FAS, the results of this study are in accordance with previous studies conducted in Spain and Portugal, where around 70% of pregnant women did not take FAS before pregnancy, 31 33 34 and slightly higher than in other European studies. 17-20 30 The considerable number of women who did not use FAS may be explained in part by the fact that they were not aware of being pregnant and, therefore, were not informed of the benefits of FAS at the beginning of their pregnancy. Based on our results, it seems that when women are aware of their pregnancy, they increase their use of FAS, particularly in the second and third month of pregnancy.
We observed two different patterns of FAS use after the third month in the four geographical areas of the study. Women in Valencia and Asturias continued with the use of FAS while women in Guipuzcoa and Sabadell mostly abandoned the use of supplements. We have no clear explanation for the two different patterns of FAS use observed between areas, although it could be related, in part, to the different policy statements of regional scientific societies about FAS use, as has been observed for other nutrients such as iodine supplementation. 35 The large number of pregnant women reporting the use of high FAS dosages during pregnancy has also been reported in two other previous studies in Spain. 16 36 A possible cause could be related to medical reasons since women with diabetes, epilepsy or history of NTDs before pregnancy are usually recommended to take FAS dosages of 5000 µg/day in the periconceptional period. However, in our study, the number of women with these pathologies was low (<1%). Moreover, the use of these high dosages of FAS was unnecessarily maintained after the third month of pregnancy. The percentage of women taking high dosages of FAS in this study was lower than that observed in a previous study in Spain, 16 which may be explained in part by the debate and the controversy on the consequences of a higher than recommended FA supplementation. [37] [38] [39] We believe that the percentage of women taking high FAS dosages still remains high, and further studies are needed to monitor the use of FAS during pregnancy and the potential harmful effects that have been shown recently. [5] [6] [7] [8] Several associations were found with the use of high FAS dosages. The positive association with unplanned pregnancy and the negative association with previous spontaneous abortion have been found in other studies. 17 19 20 40-43 Women who have planned their pregnancy and those who had undergone a previous spontaneous abortion may have higher awareness of the benefits of recommended intake and FAS dosages (400-999 µg/day) in pregnancy. The association with tobacco smoking, alcohol intake and parity found in our study have also been found in other studies. 19 42 43 It is possible that pregnant women with better lifestyles had a better compliance with the recommended dosages of FAS than those with less healthy lifestyles (eg, alcohol drinkers). However, more studies are required to confirm these associations with the use of high dosages of FAS during the periconceptional period in order to implement public health actions.
This study has several strengths. The prospective design minimises selection and recall bias. We assessed dietary folate intake and FAS use prospectively in different geographical areas of Spain with a wide range of consumption, using a validated FFQ in the same study population. Our study also has some limitations. This was a population-based cohort study and nonparticipation might limit the generalisability of some results; however, when the sociodemographic characteristics of participants and non-participants were compared, no significant differences were found except for working status and age, with a higher proportion of working women and slightly higher mean age among participants. Despite some study limitations, if confirmed, our findings should have implications for future public health policies and strategies to promote adequate use of FAS at the recommended dosages during the periconceptional period, and to prevent the use of unnecessary dosages in other periods.
In conclusion, this study shows that the use of FAS among pregnant women in Spain is far from satisfactory. Most women did not follow recommendations for FAS during pregnancy, using dosages either below or above the current recommendation. Previous pregnancies, tobacco smoking, alcohol consumption, unplanned pregnancies and no previous abortions were associated with FAS use below 400 µg/day in the periconceptional period. Alcohol consumption, unplanned pregnancy and previous spontaneous abortion were also predictors of the use of high dosages of FAS at this initial stage. These findings should be further monitored; meanwhile, public health strategies should be planned to increase public awareness of the appropriate periconceptional use of FAS and to encourage health professionals to prevent the use of FAS dosages above or below the current recommendations. Competing interests None declared.
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